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1. INTRODUCTION

1.1 Project Overview

The Two Wide-angle Imaging Neutral-atom Spectrometers (TWINS) mission provides a new capability
for stereoscopically imaging the magnetosphere. In contrast to traditional space experiments, which make
measurements at only one point in space, imaging experiments provide simultaneous viewing of different
regions of the magnetosphere. Stereo imaging, as done by TWINS, takes the next step of producing 3-D
images, and will provide a leap ahead in our understanding of the global aspects of the terrestrial
magnetosphere.

This document lists the SPASE descriptions of all Level 1 data, as found on the Heliophysics Data Portal
at http://heliophysicsdata.gsfc.nasa.gov. The TWINS website is located at: http://twins.space.swri.edu.

1.2 General Data Description from SPASE

TWINS (Two Wide-angle Imaging Neutral-atom Spectrometers) is a Mission of Opportunity under
NASA's Small Explorer (SMEX) program. TWINS-1 and TWINS-2 are the designations for NASA-
sponsored instruments flying on unspecified non-NASA U.S. government spacecraft.The TWINS-1
instrument high voltages were turned on in April 2007 and the TWINS-2 high voltages in May 2008; the
exact launchdates are not available. The data (including both science data and spacecraft
ephemeris/attitude information) from the two NASA-funded science instruments are publicly available to
the scientific research community.

TWINS is a stereo mission whose overall scientific objective is to establish the global
connectivities and causal relationships between processes in different regions of the Earth's
magnetosphere. To meet this goal, TWINS-1 and TWINS-2 provide stereoscopic neutral atom imaging of
the magnetosphere from two widely spaced, high-altitude, high-inclination spacecraft.

2. SPASE Metadata
Note that SPASE Data for TWINS 1 and TWINS 2 are identical save for the numbering of the spacecraft
(1 or 2). SPASE data for TWINS 1 only will be listed.

2.1. TWINS 1 Spacecraft Ephemeris

Each spacecraft carrying TWINS instruments is in a Molniya orbit (63.4 deg, 7.2 Re apogee, 1000 km
perigee; period 12 h), and is three-axis stabilized and approximately nadir-pointing. Each acquires image
data with time resolution of 60 s. The time required to change actuator direction between scans (no data
collection) was 25 seconds from June 2008 to July 2009, and 12 seconds at all other times. This gives an
effective cadence of 72 or 85 seconds. The nominal design lifetime for each instrument is four years.
TWINS operates only during the apogee portion of each orbit, when the spacecraft is above the radiation
belts.

Metadata:
<?xml version="1.0" encoding="1SO-8859-1"?>
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<Spase xmlns="http://www.spase-group.org/data/schema"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:schemaLlocation="http://www.spase-
group.org/data/schema http://www.spase-group.org/data/schema/spase-2 2 0.xsd">
<Version>2.2.0</Version>
<NumericalData>
<ResourcelD>spase://VMO/NumericalData/TWINS1/Ephemeris/PT1M45S</Resourcel D>
<ResourceHeader>

<ResourceName>TWINS 1 - Spacecraft Ephemeris</ResourceName>
<ReleaseDate>2012-06-18T00:00:00Z</ReleaseDate>
<Description>Definitive orbit data</Description>
<Contact>
<PersonlD>spase://SMWG/Person/David.J. McComas</PersonID>
<Role>Principallnvestigator</Role>
</Contact>
<Contact>
<PersonlD>spase://SMW G/Person/Jan.Merka</PersonID>
<Role>MetadataContact</Role>
</Contact>
<InformationURL>
<Name>TWINS Home Page</Name>
<URL>http://twins.swri.edu</URL>
<Description>?</Description>
</InformationURL>
</ResourceHeader>
<AccessInformation>
<RepositoryID>spase://SMWG/Repository/NASA/GSFC/SPDF</RepositorylD>
<Availability>Online</Availability>
<AccessRights>Open</AccessRights>
<AccessURL>
<Name>FTP access to files at SPDF</Name>
<URL>ftp://spdf.gsfc.nasa.gov/pub/data/twins/twins1/ephemeris/or/</URL>
<Description>NASA/GSFC CDAWeb ftp access to the data.</Description>
</AccessURL>
<AccessURL>
<Name>HTTP access to files at SPDF</Name>
<URL>http://spdf.gsfc.nasa.gov/pub/data/twins/twins1/ephemeris/or/</URL>
<Description>In CDF via HTTP from CDAWeb</Description>
</AccessURL>
<Format>CDF</Format>
<Encoding>None</Encoding>
</AccessInformation>
<AccessInformation>

Space Science and Engineering Division
Southwest Research Institute
P. O. Drawer 28510
6220 Culebra Road
San Antonio, Texas 78228-0510
(210) 684-5111



Southwest Research Institute 1609-TSDS_UM-01
Rev 0 Chg 0

TWINS SCIENCE DATA SYSTEM (TSDS) USER’S MANUAL

Page 3

<RepositoryID>spase://SMWG/Repository/NASA/GSFC/SPDF</RepositorylD>
<Availability>Online</Availability>
<AccessRights>Open</AccessRights>
<AccessURL>
<Name>CDAWeb</Name>
<URL>http://cdaweb.gsfc.nasa.gov/sp_phys/</URL>
<Description>TWINS 1 spacecraft ephemeris data with subset, plot, list functionalities
from CDAWeb</Description>
</AccessURL>
<Format>Text</Format>
<Acknowledgement>Please acknowledge the CDAWeb team
GSFC/SPDF.</Acknowledgement>
</AccessInformation>
<InstrumentID>spase://SMW G/Instrument/TWINS1/Ephemeris</InstrumentID>
<MeasurementType>Ephemeris</MeasurementType>
<TemporalDescription>
<TimeSpan>
<StartDate>2001-04-01T00:01:03.75Z</StartDate>
<RelativeStopDate>-P10D</RelativeStopDate>
</TimeSpan>
<Cadence>PT1M45S</Cadence>
</TemporalDescription>
<ObservedRegion>Earth.Magnetosphere</ObservedRegion>
<Parameter>
<Name>Epoch</Name>
<ParameterKey>Epoch</ParameterKey>
<Description>Epoch</Description>
<FillValue>31-Dec-9999 23:59:59.999</FillValue>
<Support>
<SupportQuantity>Temporal</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Start Time MJD</Name>
<ParameterKey>ISTARTTIMEMJD</ParameterKey>
<Description>Start Time MJD - time key of data point</Description>
<Units>days</Units>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Temporal</SupportQuantity>
</Support>
</Parameter>
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<Parameter>
<Name>S/C ECI XYZ</Name>
<ParameterKey>FSCECI</ParameterKey>
<Description>The spacecraft location in ECI coordinates (cartesian ~ XYZ
components).</Description>
<Units>km</Units>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
<Element>
<Name>FSCECI X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FSCECI Y</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FSCECI Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-63800.0</ValidMin>
<ValidMax>63800.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>S/C GEO XYZ</Name>
<ParameterKey>FSCGEO</ParameterKey>
<Description>The spacecraft location in geographic coordinates (cartesian XYZ
components).</Description>
<Units>km</Units>
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<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEO</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
<Element>
<Name>FSCGEO X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FSCGEO Y</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FSCGEO Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-63800.0</ValidMin>
<ValidMax>63800.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>S/C GSM XYZ</Name>
<ParameterKey>FSCGSM</ParameterKey>
<Description>The  spacecraft location in GSM  coordinates
components).</Description>
<Units>km</Units>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GSM</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
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<Element>
<Name>FSCGSM X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FSCGSM Y</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FSCGSM Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-63800.0</ValidMin>
<ValidMax>63800.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>S/C ECD XYZ</Name>
<ParameterKey>FSCECD</ParameterKey>
<Description>Spacecraft Eccentric Dipole Cartesian Coordinate XY Z</Description>
<Caveats>The spacecraft location in eccentric dipole coordinates (cartesian
components).</Caveats>
<Units>km</Units>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
</CoordinateSystem>
<Structure>
<Size>3</Size>
<Element>
<Name>FSCECD X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
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<Name>FSCECD Y</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FSCECD Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-63800.0</ValidMin>
<ValidMax>63800.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>S/C GEO Long</Name>
<ParameterKey>FSCLONGGEO</ParameterKey>

<Description>Spacecraft longitude (east longitude) in geographic coordinates.</Description>

<Units>deg</Units>

<CoordinateSystem>
<CoordinateRepresentation>Spherical</CoordinateRepresentation>
<CoordinateSystemName>GEO</CoordinateSystemName>

</CoordinateSystem>

<ValidMin>0.0</ValidMin>

<ValidMax>360.0</ValidMax>

<FillValue>-1.0E31</FillValue>

<Support>
<Qualifier>DirectionAngle.AzimuthAngle</Qualifier>
<SupportQuantity>Positional</SupportQuantity>

</Support>

</Parameter>
<Parameter>

<Name>S/C GEO Lat</Name>

<ParameterKey>FSCLATGEO</ParameterKey>

<Description>Spacecraft latitude in geographic coordinates.</Description>

<Units>deg</Units>

<CoordinateSystem>
<CoordinateRepresentation>Spherical</CoordinateRepresentation>
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<CoordinateSystemName>GEO</CoordinateSystemName>
</CoordinateSystem>
<ValidMin>-90.0</ValidMin>
<ValidMax>90.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>DirectionAngle.ElevationAngle</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>S/C Radial Dist</Name>
<ParameterKey>FSCRADIALDIST</ParameterKey>
<Description>Spacecraft radial distance (km) from the center of the Earth.</Description>
<Units>km</Units>
<ValidMin>6380.0</ValidMin>
<ValidMax>63800.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Magnitude</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>S/C Radial Alt</Name>
<ParameterKey>FSCRADIALALT</ParameterKey>
<Description>Spacecraft radial altitude (km) based on an oblate spheroid Earth model
(WGS84).</Description>
<Units>km</Units>
<ValidMin>0.0</ValidMin>
<ValidMax>57420.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Sun ECI XYZ</Name>
<ParameterKey>FSUNECI</ParameterKey>
<Description>The location of the Sun in ECI coordinates (cartesian XYZ
components).</Description>
<Units>km</Units>
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<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
<Element>
<Name>FSUNECI X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FSUNECI Y</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FSUNECI Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-1.5E8</ValidMin>
<ValidMax>1.5E8</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>B ECI XYZ</Name>
<ParameterKey>FBECI</ParameterKey>
<Description>The  magnetic field vector in ECI coordinates (cartesian XYZ
components).</Description>
<Units>nT</Units>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
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<Element>
<Name>FBECI X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FBECI Y</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FBECI Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-32000.0</ValidMin>
<ValidMax>32000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Field>
<Qualifier>Vector</Qualifier>
<FieldQuantity>Magnetic</FieldQuantity>
</Field>
</Parameter>
<Parameter>
<Name>B Mirror</Name>
<ParameterKey>FBMIRROR</ParameterKey>

<Description>The magnetic field magnitude at the spacecraft mirror point based on the
International Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by means of the

IGREF secular variation coefficients.</Description>
<Units>nT</Units>
<ValidMin>0.0</ValidMin>
<ValidMax>32000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Field>

<Qualifier>Magnitude</Qualifier>
<FieldQuantity>Magnetic</FieldQuantity>
</Field>
</Parameter>
<Parameter>
<Name>B Equatorial</Name>
<ParameterKey>FBEQUATORIAL</ParameterKey>
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<Description>The magnetic field magnitude at the field-line minimum point based on the
International Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by means of the
IGRF secular variation coefficients.</Description>
<Units>nT</Units>
<ValidMin>0.0</ValidMin>
<ValidMax>32000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Field>
<Qualifier>Magnitude</Qualifier>
<FieldQuantity>Magnetic</FieldQuantity>
</Field>
</Parameter>
<Parameter>
<Name>B North 100km</Name>
<ParameterKey>FBNORTH100KM</ParameterKey>
<Description>The magnetic field magnitude at the North 100 km point based on the International
Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular
variation coefficients.</Description>
<Units>nT</Units>
<ValidMin>0.0</ValidMin>
<ValidMax>100000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Field>
<Qualifier>Magnitude</Qualifier>
<FieldQuantity>Magnetic</FieldQuantity>
</Field>
</Parameter>
<Parameter>
<Name>B South 100km</Name>
<ParameterKey>FBSOUTH100KM</ParameterKey>
<Description>The magnetic field magnitude at the South 100 km point based on the International
Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular
variation coefficients.</Description>
<Units>nT</Units>
<ValidMin>0.0</ValidMin>
<ValidMax>100000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Field>
<Qualifier>Magnitude</Qualifier>
<FieldQuantity>Magnetic</FieldQuantity>
</Field>
</Parameter>
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<Parameter>
<Name>Mirror GSM XYZ</Name>
<ParameterKey>FMIRRORGSM</ParameterKey>
<Description>The spacecraft mirror point location in GSM coordinates (cartesian XYZ
components) based on the International Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the
relevant date by means of the IGRF secular variation coefficients.</Description>
<Units>km</Units>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GSM</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
<Element>
<Name>FMIRRORGSM X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FMIRRORGSM Y </Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FMIRRORGSM Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-63800.0</ValidMin>
<ValidMax>63800.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Equatorial GSM XYZ</Name>
<ParameterKey>FEQUATORIALGSM</ParameterKey>
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<Description>The Equatorial Point location in GSM coordinates (cartesian XYZ components)
based on the International Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by
means of the IGRF secular variation coefficients.</Description>
<Units>km</Units>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GSM</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
<Element>
<Name>FEQUATORIALGSM X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FEQUATORIALGSM Y</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FEQUATORIALGSM Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-200000.0</ValidMin>
<ValidMax>250000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>North 100km GSM XYZ</Name>
<ParameterKey>FNORTH100KMGSM</ParameterKey>
<Description>The location of the North 100 km point in GSM coordinates (cartesian XYZ
components) based on the International Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the
relevant date by means of the IGRF secular variation coefficients.</Description>
<Units>km</Units>
<CoordinateSystem>
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<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GSM</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
<Element>
<Name>FNORTH100KMGSM X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FNORTH100KMGSM Y </Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FNORTH100KMGSM Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-7000.0</ValidMin>
<ValidMax>7000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>South 100km GSM XYZ</Name>
<ParameterKey>FSOUTH100KMGSM</ParameterKey>
<Description>The location of the South 100 km point in GSM coordinates (cartesian XYZ
components) based on the International Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the
relevant date by means of the IGRF secular variation coefficients.</Description>
<Units>km</Units>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GSM</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
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<Element>
<Name>FSOUTH100KMGSM X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FSOUTH100KMGSM Y </Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FSOUTH100KMGSM Z</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-7000.0</ValidMin>
<ValidMax>7000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>L Shell</Name>
<ParameterKey>FLSHELL</ParameterKey>
<Description>The dimensionless Mcllwain L-Shell Parameter based on the International
Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular
variation coefficients.</Description>
<ValidMin>0.0</ValidMin>
<ValidMax>50.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Inv Lat</Name>
<ParameterKey>FINVLAT</ParameterKey>
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<Description>Spacecraft invariant magnetic latitude based on the International Geomagnetic
Reference Field (IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular variation
coefficients.</Description>
<Units>deg</Units>
<ValidMin>0.0</ValidMin>
<ValidMax>90.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>DirectionAngle.ElevationAngle</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Dipole Radius</Name>
<ParameterKey>FDIPOLERADIUS</ParameterKey>
<Description>Dipole magnetic radial distance based on the International Geomagnetic Reference
Field (IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular variation
coefficients.</Description>
<Units>km</Units>
<ValidMin>6380.0</ValidMin>
<ValidMax>127600.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Dipole Lat</Name>
<ParameterKey>FDIPOLELAT</ParameterKey>
<Description>Dipole magnetic latitude based on the International Geomagnetic Reference Field
(IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular variation
coefficients.</Description>
<Units>deg</Units>
<ValidMin>-90.0</ValidMin>
<ValidMax>90.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>DirectionAngle.ElevationAngle</Qualifier>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
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<Name>S/C ECD Lat</Name>
<ParameterKey>FSCLATECD</ParameterKey>
<Description>Spacecraft latitude in the eccentric dipole frame based on the International
Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular
variation coefficients.</Description>
<Units>deg</Units>
<ValidMin>-90.0</ValidMin>
<ValidMax>90.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>DirectionAngle.ElevationAngle</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>LT GEO</Name>
<ParameterKey>FLTGEO</ParameterKey>
<Description>Magnetic local time in the geographic coordinates frame.</Description>
<Units>hr</Units>
<CoordinateSystem>
<CoordinateRepresentation>Spherical</CoordinateRepresentation>
<CoordinateSystemName>GEO</CoordinateSystemName>
</CoordinateSystem>
<ValidMin>0.0</ValidMin>
<ValidMax>24.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>DirectionAngle.AzimuthAngle</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>LT ECD</Name>
<ParameterKey>FLTECD</ParameterKey>
<Description>Magnetic local time in the eccentric dipole (ECD) frame based on the International
Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular
variation coefficients.</Description>
<Units>hr</Units>
<CoordinateSystem>
<CoordinateRepresentation>Spherical</CoordinateRepresentation>
</CoordinateSystem>
<ValidMin>0.0</ValidMin>

Space Science and Engineering Division
Southwest Research Institute
P. O. Drawer 28510
6220 Culebra Road
San Antonio, Texas 78228-0510
(210) 684-5111



Southwest Research Institute 1609-TSDS_UM-01
Rev 0 Chg 0
TWINS SCIENCE DATA SYSTEM (TSDS) USER’S MANUAL Page 18

<ValidMax>24.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>DirectionAngle.AzimuthAngle</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>LT Equatorial</Name>
<ParameterKey>FLTEQU</ParameterKey>
<Description>Equatorial mapped magnetic local time in the eccentric dipole (ECD) frame based
on the International Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by means
of the IGRF secular variation coefficients.</Description>
<Units>hr</Units>
<ValidMin>0.0</ValidMin>
<ValidMax>24.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>DirectionAngle.AzimuthAngle</Qualifier>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Solar Zenith</Name>
<ParameterKey>FSOLARZENITHCOS</ParameterKey>
<Description>Solar zenith angle cosine.</Description>
<Units>deg</Units>
<ValidMin>-1.0</ValidMin>
<ValidMax>1.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>DirectionAngle.ElevationAngle</Qualifier>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Loss Cone</Name>
<ParameterKey>FLOSSCONE</ParameterKey>
<Description>Particle loss cone angle based on the International Geomagnetic Reference Field
(IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular variation
coefficients.</Description>
<Units>deg</Units>
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<ValidMin>0.0</ValidMin>
<ValidMax>90.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Dipole Tilt</Name>
<ParameterKey>FDIPOLETILT</ParameterKey>
<Description>Magnetic dipole tilt angle based on the International Geomagnetic Reference Field
(IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular variation
coefficients.</Description>
<Units>deg</Units>
<ValidMin>0.0</ValidMin>
<ValidMax>90.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Dipole Offset XYZ</Name>
<ParameterKey>FDIPOLEOFFSET</ParameterKey>
<Description>Magnetic dipole displacement (XYZ components) based on the International
Geomagnetic Reference Field (IGRF) 2005.0 adjusted for the relevant date by means of the IGRF secular
variation coefficients.</Description>
<Units>km</Units>
<Structure>
<Size>3</Size>
<Element>
<Name>FDIPOLEOFFSET X</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>FDIPOLEOFFSET Y</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>FDIPOLEOFFSET Z</Name>
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<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>

<ValidMin>-1000.0</ValidMin>
<ValidMax>1000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>DataFile ID</Name>
<ParameterKey>NDATAFILEID</ParameterKey>
<Description>TWINS DataFile ID</Description>
<Caveats>DataFile ID as used in TWINS database storage</Caveats>
<ValidMin>0.0</ValidMin>
<ValidMax>3.23786E-319</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
</NumericalData>
<Observatory xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Observatory/ TWINS1</Resourcel D>
<ResourceHeader>
<ResourceName>TWINS 1</ResourceName>
<ReleaseDate>2010-09-25T03:09:48Z</ReleaseDate>
<Description>TWINS (Two Wide-angle Imaging Neutral-atom Spectrometers) is a Mission of
Opportunity under NASA's Small Explorer (SMEX) program. TWINS-1 and TWINS-2 are the
designations for NASA-sponsored instruments flying on unspecified non-NASA U.S. government
spacecraft.The TWINS-1 instrument high voltages were turned on in April 2007 and the TWINS-2 high
voltages in May 2008; the exact launchdates are not available. The data (including both science data and
spacecraft ephemeris/attitude information) from the two NASA-funded science instruments are publicly
available to the scientific research community.

TWINS is a stereo mission whose overall scientific objective is to establish the global
connectivities and causal relationships between processes in different regions of the Earth's
magnetosphere. To meet this goal, TWINS-1 and TWINS-2 provide stereoscopic neutral atom imaging of
the magnetosphere from two widely spaced, high-altitude, high-inclination spacecraft.
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Each spacecraft carrying TWINS instruments is in a Molniya orbit (63.4 deg, 7.2 Re apogee, 1000
km perigee; period 12 h), and is three-axis stabilized and approximately nadir-pointing. Each acquires
image data with time resolution of 60 s. The time required to change actuator direction between scans (no
data collection) was 25 seconds from June 2008 to July 2009, and 12 seconds at all other times. This
gives an effective cadence of 72 or 85 seconds. The nominal design lifetime for each instrument is four
years. TWINS operates only during the apogee portion of each orbit, when the spacecraft is above the
radiation belts.

</Description>
<Contact>
<PersonlD>spase://SMWG/Person/David.J. McComas</PersonID>
<Role>Principallnvestigator</Role>
</Contact>
<InformationURL>
<Name>TWINS Home Page</Name>
<URL>http://twins.swri.edu</URL>
<Description>?</Description>
</InformationURL>
</ResourceHeader>
<ObservatoryGrouplD>spase://SMW G/Observatory/ TWINS</ObservatoryGroupID>
<Location>
<ObservatoryRegion>Earth.Magnetosphere</ObservatoryRegion>
</Location>
</Observatory><Instrument xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Instrument/TWINS 1/Ephemeris</Resourcel D>
<ResourceHeader>
<ResourceName>TWINS 1 Positions</ResourceName>
<AlternateName>TWINS 1 Ephemeris</AlternateName>
<ReleaseDate>2010-07-01T20:06:00Z</ReleaseDate>
<Description>TWINS 1 spacecraft positions</Description>
<Contact>
<PersonlD>spase://SMW G/Person/Jan.Merka</PersonID>
<Role>MetadataContact</Role>
</Contact>
</ResourceHeader>
<InstrumentType>Platform</InstrumentType>
<InvestigationName>Spacecraft position</InvestigationName>
<ObservatorylD>spase://SMWG/Observatory/TWINS1</ObservatorylD>
</Instrument><Repository xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Repository/NASA/GSFC/SPDF</ResourcelD>
<ResourceHeader>
<ResourceName>SPDF</ResourceName>

Space Science and Engineering Division
Southwest Research Institute
P. O. Drawer 28510
6220 Culebra Road
San Antonio, Texas 78228-0510
(210) 684-5111



Southwest Research Institute 1609-TSDS_UM-01
Rev 0 Chg 0
TWINS SCIENCE DATA SYSTEM (TSDS) USER’S MANUAL Page 22

<ReleaseDate>2008-08-26T21:02:30Z</ReleaseDate>
<Description>Space Physics Data Facility</Description>
<Contact>
<PersonlD>spase://SMWG/Person/Tamara.J . Kovalick</PersonID>
<Role>GeneralContact</Role>
</Contact>
<Contact>
<PersonID>spase://SMWG/Person/Robert.M.Candey</PersonID>
<Role>TechnicalContact</Role>
</Contact>
<Contact>
<PersonlD>spase://SMWG/Person/Robert.E.McGuire</PersonID>
<Role>ProjectScientist</Role>
</Contact>
<InformationURL>
<Name>SPDF</Name>
<URL>http://spdf.gsfc.nasa.gov/</URL>
<Description>Space Physics Data Facility</Description>
</InformationURL>
<PriorID>spase://vspo/repository/61</PriorID>
<PriorID>spase://SMWG/Repository/SPDF</PriorID>
</ResourceHeader>
</Repository><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/Robert.E.McGuire</Resourcel D>
<ReleaseDate>2010-08-05T17:35:47Z</ReleaseDate>
<PersonName>Dr. Robert E. McGuire</PersonName>
<OrganizationName>NASA Goddard Space Flight Center</OrganizationName>
<Address>Code 672, Greenbelt, MD 20771, USA</Address>
<Email>mcguire@mail630.gsfc.nasa.gov</Email>
<PhoneNumber>+1 301 286 7794</PhoneNumber>
</Person><Person xmlIns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/Robert.M.Candey</Resourcel D>
<ReleaseDate>2010-08-05T17:35:47Z</ReleaseDate>
<PersonName>Mr. Robert M. Candey</PersonName>
<OrganizationName>NASA Goddard Space Flight Center</OrganizationName>
<Address>Code 672, Greenbelt, MD 20771, USA</Address>
<Email>robert.m.candey@nasa.gov</Email>
<PhoneNumber>1-301-286-6707</PhoneNumber>
</Person><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/Tamara.J . Kovalick</ResourcelD>
<ReleaseDate>2010-08-05T17:35:47Z</ReleaseDate>
<PersonName>Ms. Tamara J. Kovalick</PersonName>
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<OrganizationName>GSFC-Code 672</OrganizationName>
<Email>Tamara.J.Kovalick@nasa.gov</Email>
<PhoneNumber>+1-301-286-9422</PhoneNumber>

</Person><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/David.J.McComas</Resourcel D>
<ReleaseDate>2010-08-05T17:35:46Z</ReleaseDate>
<PersonName>Dr. David J. McComas</PersonName>
<OrganizationName>Southwest Research Institute</OrganizationName>

</Person><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/Jan.Merka</Resourcel D>
<ReleaseDate>2010-08-05T17:35:46Z</ReleaseDate>
<PersonName>Jan Merka</PersonName>
<OrganizationName>NASA Goddard Space Flight Center</OrganizationName>
<Address>Code 672, Greenbelt, MD 20771, USA</Address>
<Email>jan.merka@nasa.gov</Email>
<PhoneNumber>+1 301 286 8§751</PhoneNumber>

</Person></Spase>

2.2, TWINS 1 Spacecraft Attitude

This TWINS data set contains spacecraft attitude data as polar and azimuthal instrument pointing vectors,
each expressed with respect to an ECI Cartesian basis. The polar vector points along the TWINS rotation
axis. The azimuthal vector lies in the plane normal to the polar vector and points toward the central
scanning position (i.e., the zero-point location). Such pointing is derived from both the spacecraft attitude
history file (SAH) and the sensor mounting orientation. The computation employed is designed to achieve
a pointing accuracy of 0.5 degrees. Any deviation from this accuracy level is indicated in the header
record metadata.

Metadata
<?xml version="1.0" encoding="1S0O-8859-1"?>
<Spase xmlns="http://www.spase-group.org/data/schema">
<Version>2.2.2</Version>
<NumericalData>
<ResourcelD>spase://VSPO/NumericalData/TWINS1/Attitude</Resourcel D>
<ResourceHeader>
<ResourceName>TWINS 1 Attitude Data</ResourceName>
<ReleaseDate>2012-05-17T00:00:00</ReleaseDate>
<Description>This TWINS data set contains spacecraft attitude data as polar and azimuthal
instrument pointing vectors, each expressed with respect to an ECI Cartesian basis. The polar vector
points along the TWINS rotation axis. The azimuthal vector lies in the plane normal to the polar vector
and points toward the central scanning position (i.e., the zero-point location). Such pointing is derived
from both the spacecraft attitude history file (SAH) and the sensor mounting orientation. The computation
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employed is designed to achieve a pointing accuracy of 0.5 degrees. Any deviation from this accuracy
level is indicated in the header record metadata.</Description>
<Contact>
<PersonlD>spase://SMWG/Person/David.J. McComas</PersonID>
<Role>GeneralContact</Role>
</Contact>
<InformationURL>
<Name>Interface page at Southwest Research Institute</Name>
<URL>http://twins.swri.edu/</URL>
</InformationURL>
<PriorID>spase://VSPO/NumericalData/TWINS1/ENA/TWINS1 AT DEF Data</PriorID>
</ResourceHeader>
<AccessInformation>
<RepositoryID>spase://SMWG/Repository/NASA/GSFC/SPDF/CDAWeb</RepositorylD>
<Availability>Online</Availability>
<AccessRights>Open</AccessRights>
<AccessURL>
<Name>FTP access to files at SPDF</Name>
<URL>ftp://spdf.gsfc.nasa.gov/pub/data/twins/twins1/ephemeris/att/</URL>
</AccessURL>
<AccessURL>
<Name>HTTP access to files at SPDF</Name>
<URL>http://spdf.gsfc.nasa.gov/pub/data/twins/twins1/ephemeris/att/</URL>
<Description>In CDF via HTTP from CDAWeb</Description>
</AccessURL>
<AccessURL>
<Name>CDAWeb</Name>
<URL>http://cdaweb.gsfc.nasa.gov/</URL>
</AccessURL>
<Format>CDF</Format>
</AccessInformation>
<MeasurementType>Ephemeris</MeasurementType>
<TemporalDescription>
<TimeSpan>
<StartDate>2007-04-01T00:00:00</StartDate>
<RelativeStopDate>-P2M</RelativeStopDate>
</TimeSpan>
</TemporalDescription>
<ObservedRegion>Earth.Magnetosphere</ObservedRegion>
</NumericalData>
<Repository xmlns="http://www.spase-group.org/data/schema'">
<ResourcelD>spase://SMWG/Repository/ NASA/GSFC/SPDF/CDAWeb</Resourcel D>
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<ResourceHeader>
<ResourceName>CDAWeb Data Repository FTP Interface</ResourceName>
<ReleaseDate>2011-02-23T18:39:43Z</ReleaseDate>
<Description>Coordinated Data Analysis Web (CDAWeb) supports not only interactive plotting of
variables from multiple instruments on multiple investigations simultaneously on arbitrary, user-defined
time-scales. It also supports data retrieval in various formats using its interactive web interface or fip
service.</Description>
<Contact>
<!-- Robert McGuire -->
<PersonlD>spase://SMWG/Person/Robert.E.McGuire</PersonID>
<Role>ProjectScientist</Role>
</Contact>
<InformationURL>
<Name>CDAWeb Home Page</Name>
<URL>http://cdaweb.gsfc.nasa.gov</URL>
<Description>Coordinated Data Analysis Web (CDAWeb) home page at Space Physics Data
Facility of the NASA Goddard Space Flight Center.</Description>
</InformationURL>
<PriorID>spase://VMO/Repository/CDAWeb</PriorID>
</ResourceHeader>
<AccessURL>
<Name>FTP Access to CDAWeb Data</Name>
<URL>ftp://cdaweb.gsfc.nasa.gov/pub/</URL>
</AccessURL>
</Repository><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/Robert.E.McGuire</Resourcel D>
<ReleaseDate>2010-08-05T17:35:47Z</ReleaseDate>
<PersonName>Dr. Robert E. McGuire</PersonName>
<OrganizationName>NASA Goddard Space Flight Center</OrganizationName>
<Address>Code 672, Greenbelt, MD 20771, USA</Address>
<Email>mcguire@mail630.gsfc.nasa.gov</Email>
<PhoneNumber>+1 301 286 7794</PhoneNumber>
</Person><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/David.J.McComas</Resourcel D>
<ReleaseDate>2010-08-05T17:35:46Z</ReleaseDate>
<PersonName>Dr. David J. McComas</PersonName>
<OrganizationName>Southwest Research Institute</OrganizationName>
</Person></Spase>
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2.3 TWINS 1 L1 Neutral-atom Images and Movies

TWINS 1 neutral-atom spectrometer level-1 magnetospheric images and image movies at full (9 energy
steps and 15 minute) resolution. Images have been smoothed using a technique that provides
approximately uniform statistics across the image. Each image has 4x4 degree angular resolution and
includes 15 minutes of data. These images are derived on the ground from direct events measurements of
the time of flight and detection location on the anode for individual ENAs. Each image has 4x4 degree
angular resolution and includes 15 minutes of data. The first dimension of the image represents the scan
angle in instrument coordinates. In this system the azimuthal attitude vector points to +90 degree scan
angle. The second is the imaged angle, where 90 degrees is the central viewing angle of the instrument
and the direction of the polar attitude vector.

Metadata

<?xml version="1.0" encoding="1SO-8859-1"?>

<Spase xmlns="http://www.spase-group.org/data/schema"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:schemaLlocation="http://www.spase-

group.org/data/schema http://www.spase-group.org/data/schema/spase-2 2 0.xsd">
<Version>2.2.0</Version>
<NumericalData>
<ResourcelD>spase://VMO/NumericalData/TWINS1/ENA/L1.PT15M</ResourcelD>
<ResourceHeader>
<ResourceName>TWINS 1 Neutral-atom L1 Images and Movies</ResourceName>
<ReleaseDate>2012-03-10T02:21:11Z</ReleaseDate>
<Description>TWINS 1 neutral-atom spectrometer level-1 magnetospheric images and image
movies at full (9 energy steps and 15 minute) resolution. Images have been smoothed using a technique
that provides approximately uniform statistics across the image. Each image has 4x4 degree angular
resolution and includes 15 minutes of data.

These images are derived on the ground from direct events measurements of the time of flight and
detection location on the anode for individual ENAs. Each image has 4x4 degree angular resolution and
includes 15 minutes of data. The first dimension of the image represents the scan angle in instrument
coordinates. In this system the azimuthal attitude vector points to +90 degree scan angle. The second is
the imaged angle, where 90 degrees is the central viewing angle of the instrument and the direction of the
polar attitude vector. </Description>

<Contact>
<PersonlD>spase://SMWG/Person/David.J.McComas</PersonID>
<Role>Principallnvestigator</Role>

</Contact>

<Contact>
<PersonlD>spase://SMW G/Person/Jan.Merka</PersonID>
<Role>MetadataContact</Role>

</Contact>
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<InformationURL>
<Name>TWINS Home Page</Name>
<URL>http://twins.swri.edu</URL>
<Description>?</Description>
</InformationURL>
<PriorID>spase://VMO/NumericalData/TWINS1/Imager/L1.PT15M</PriorID>
</ResourceHeader>
<AccessInformation>
<RepositoryID>spase://SMWG/Repository/NASA/GSFC/SPDF/CDAWeb</RepositorylD>
<Availability>Online</Availability>
<AccessRights>Open</AccessRights>
<AccessURL>
<Name>FTP access to files at SPDF</Name>
<URL>ftp://spdf.gsfc.nasa.gov/pub/data/twins/twins1/imager/</URL>
<Description>NASA/GSFC CDAWeb ftp access to the data.</Description>
</AccessURL>
<AccessURL>
<Name>HTTP access to files at SPDF</Name>
<URL>http://spdf.gsfc.nasa.gov/pub/data/twins/twins1/imager/</URL>
<Description>NASA/GSFC CDAWeb http access to the data.</Description>
</AccessURL>
<Format>CDF</Format>
<Encoding>None</Encoding>
</AccessInformation>
<AccessInformation>
<RepositoryID>spase://SMWG/Repository/NASA/GSFC/SPDF</RepositorylD>
<Availability>Online</Availability>
<AccessRights>Open</AccessRights>
<AccessURL>
<Name>CDAWeb</Name>
<URL>http://cdaweb.gsfc.nasa.gov/sp_phys/</URL>

<Description>Level-1 Magnetospheric Images at full resolution with subset, plot, list

functionalities from CDAWeb</Description>
</AccessURL>
<Format>Text</Format>
<Acknowledgement>Please acknowledge the CDAWeb team
GSFC/SPDF.</Acknowledgement>
</AccessInformation>
<InstrumentID>spase://SMWG/Instrument/TWINS1/ENA</InstrumentID>
<MeasurementType>Neutral AtomImages</MeasurementType>
<TemporalDescription>
<TimeSpan>
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<StartDate>2007-04-18T00:01:38Z</StartDate>
<RelativeStopDate>-P14D</RelativeStopDate>
</TimeSpan>
<Cadence>PT15M</Cadence>
</TemporalDescription>
<ObservedRegion>Earth.Magnetosphere</ObservedRegion>
<Parameter>
<Name>Epoch</Name>
<ParameterKey>Epoch</ParameterKey>
<Description>Epoch </Description>
<FillValue>31-Dec-9999 23:59:59.999 </FillValue>
<Support>
<SupportQuantity>Temporal</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>satellite </Name>
<ParameterKey>satellite</ParameterKey>
<Description>Satellite ID number (1=twins1 or 2=twins2) </Description>
<ValidMin>1.0 </ValidMin>
<ValidMax>2.0 </ValidMax>
<FillValue>-1.0 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>smooth_image</Name>
<ParameterKey>smooth image</ParameterKey>
<Description>TWINS smooth image of neutral atom flux for all energies </Description>
<Units>(cm”2 sr s)"-1</Units>
<Structure>
<Size>9 90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>1</Low>
<High>50</High>
<Units>keV</Units>
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</EnergyRange>
</Particle>
</Parameter>
<Parameter>

<Name>TWINS smooth image @ 1 keV (cm”2 srs eV)"-1 </Name>
<ParameterKey>smooth image el</ParameterKey>
<Description>Statistically smoothed TWINS image of flux per energy at 1 keV energy, in units of
(cm”2 sr s eV)*-1. </Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>1</Low>
<High>1</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS smooth image @ 4 keV (cm”2 srs eV)"-1 </Name>
<ParameterKey>smooth image e2</ParameterKey>
<Description>Statistically smoothed TWINS image of flux per energy at 4 keV energy, in units of
(cm”2 sr s eV)*-1. </Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>4</Low>
<High>4</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
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</Parameter>
<Parameter>

<Name>TWINS smooth image @ 8 keV (cm”2 srs eV)"-1 </Name>
<ParameterKey>smooth image e3</ParameterKey>
<Description>Statistically smoothed TWINS image of flux per energy at 8 keV energy, in units of
(cm”2 sr s eV)*-1. </Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>8</Low>
<High>8</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS smooth image @ 12 keV (cm”2 sr s eV)"-1 </Name>
<ParameterKey>smooth image e4</ParameterKey>
<Description>Statistically smoothed TWINS image of flux per energy at 12 keV energy, in units
of (cm”2 sr s eV)"-1. </Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>12</Low>
<High>12</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
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<Name>TWINS smooth image @ 16 keV (cm”2 sr s eV)*-1 </Name>
<ParameterKey>smooth image e5</ParameterKey>
<Description>Statistically smoothed TWINS image of flux per energy at 16 keV energy, in units
of (cm”2 sr s eV)"-1. </Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>16</Low>
<High>16</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS smooth image @ 20 keV (cm”2 sr s eV)"-1 </Name>
<ParameterKey>smooth image e6</ParameterKey>
<Description>Statistically smoothed TWINS image of flux per energy at 20 keV energy, in units
of (cm”2 sr s eV)"-1. </Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>20</Low>
<High>20</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS smooth image @ 25 keV (cm”2 sr s eV)"-1 </Name>
<ParameterKey>smooth image e7</ParameterKey>
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<Description>Statistically smoothed TWINS image of flux per energy at 25 keV energy, in units
of (cm”2 sr s eV)"-1. </Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>25</Low>
<High>25</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS smooth image @ 30 keV (cm”2 sr s eV)*-1 </Name>
<ParameterKey>smooth image e8</ParameterKey>
<Description>Statistically smoothed TWINS image of flux per energy at 30 keV energy, in units
of (cm”2 sr s eV)"-1. </Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>30</Low>
<High>30</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS smooth image @ 50 keV (cm”2 sr s eV)"-1 </Name>
<ParameterKey>smooth image e9</ParameterKey>
<Description>Statistically smoothed TWINS image of flux per energy at 50 keV energy, in units
of (cm”2 sr s eV)"-1. </Description>
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<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>50</Low>
<High>50</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>pixel sweep count </Name>
<ParameterKey>pixel sweep count</ParameterKey>
<Description>The per-pixel sweep count is the number of times a given pixel was sampled by
the instrument during the time taken to make the image. This value is only a function of longitude
(actuation angle), and so is the same for all latitude (imaged) pixels at a given scan (actuation) angle. The
value is nominally the same for all pixels in an image, and is the same as the number of sweeps in the
image. Differences from this value are due to errors in either actuator motion or transmission of data
from agiven direction.</Description>
<Structure>
<Size>90 22</Size>
</Structure>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>target value </Name>
<ParameterKey>smooth image val</ParameterKey>
<Description>Target value for the number of counts per pixel used in the smoothing algorithm.
This value can vary by energy.</Description>
<Structure>
<Size>9</Size>
</Structure>
<ValidMin>0.0</ValidMin>
<ValidMax>100.0</ValidMax>
<FillValue>-1.0E31</FillValue>
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<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>energy </Name>
<ParameterKey>smooth image energy kev</ParameterKey>
<Description>Array of energy values (in keV) for the smoothed images. Nominally 1, 4, §, 12,
16, 20, 25, 30, and 50 keV.</Description>
<Units>keV </Units>
<Structure>
<Size>9</Size>
</Structure>
<ValidMin>0.0</ValidMin>
<ValidMax>1000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>smoothing algorithm version </Name>
<ParameterKey>smooth image version</ParameterKey>
<Description>[LIST ONLY] version of the smoothing algorithm wused to create the
TWINS SMOOTH_IMAGE. </Description>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>units </Name>
<ParameterKey>smooth image units</ParameterKey>
<Description>[LIST ONLY] units of smoothed twins image </Description>
<Structure>
<Size>9</Size>
</Structure>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>lon min </Name>
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<ParameterKey>lonmin deg</ParameterKey>
<Description>Longitude (deg) at the middle of the
nominally -88 degrees. </Description>
<Units>deg </Units>
<ValidMin>-90.0 </ValidMin>
<ValidMax>270.0 </ValidMax>
<FillValue>-1.0E31 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>lon max </Name>
<ParameterKey>lonmax_deg</ParameterKey>
<Description>Longitude (deg) at the middle of the
nominally -92 degrees. </Description>
<Units>deg </Units>
<ValidMin>-90.0 </ValidMin>
<ValidMax>270.0 </ValidMax>
<FillValue>-1.0E31 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>lat min </Name>
<ParameterKey>latmin deg</ParameterKey>
<Description>Latitude (deg) at the middle of the
nominally 4 degrees. </Description>
<Units>deg </Units>
<ValidMin>2.0 </ValidMin>
<ValidMax>90.0 </ValidMax>
<FillValue>-1.0E31 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>lat max </Name>
<ParameterKey>latmax deg</ParameterKey>

first pixel.

last pixel.

first pixel.

For 4 deg pixel size this is

For 4 deg pixel size this is

For 4 deg pixel size this is

<Description>Latitude (deg) at the middle of the last pixel. For 4 deg pixel_size this is nominally

88 degrees. </Description>
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<Units>deg </Units>
<ValidMin>2.0 </ValidMin>
<ValidMax>90.0 </ValidMax>
<FillValue>-1.0E31 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>lat pixel bin size </Name>
<ParameterKey>lat pixelsize deg</ParameterKey>
<Description>The pixel size in the imaging (polar) direction. </Description>
<Units>deg </Units>
<ValidMin>0 </ValidMin>
<ValidMax>10 </ValidMax>
<FillValue>-1 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>lon pixel bin size </Name>
<ParameterKey>lon pixelsize deg</ParameterKey>
<Description>The pixel size in the scan (longitudinal) direction. </Description>
<Units>deg </Units>
<ValidMin>0 </ValidMin>
<ValidMax>10 </ValidMax>
<FillValue>-1 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>start/stop time of image </Name>
<ParameterKey>time YYMMDD</ParameterKey>
<Description>Start time of the image and the stop time of the image </Description>
<Structure>
<Size>2</Size>
<Element>
<Name>Start time</Name>
<Index>1</Index>
</Element>
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<Element>
<Name>Stop time</Name>
<Index>2</Index>
</Element>
</Structure>
<Support>
<SupportQuantity>Temporal</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>start/stop time of image (MJD) </Name>
<ParameterKey>time MJD</ParameterKey>
<Description>Start time of the image and the stop time of the image in Modified Julian Date
(MJD) </Description>
<Units>days</Units>
<Structure>
<Size>2</Size>
<Element>
<Name>Start time</Name>
<Index>1</Index>
</Element>
<Element>
<Name>Stop time</Name>
<Index>2</Index>
</Element>
</Structure>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Temporal</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>smooth_error image </Name>
<ParameterKey>smooth error image</ParameterKey>
<Description>TWINS smoothed image error image for all energies. The error in the flux for each
pixel is given by sqrt(counts) / counts using the counts included in each pixel of the image.
</Description>
<Units>(cm”2 sr s)*-1 </Units>
<Structure>
<Size>9 90 22</Size>
</Structure>
<Particle>
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<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>1</Low>
<High>50</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS smooth Error Image @ 1 keV (cm”2 srs eV)"-1 </Name>
<ParameterKey>smooth error image el</ParameterKey>
<Description>TWINS smoothed image error image at 1 keV energy. The error in the flux for
each pixel is given by sqrt(counts) / counts using the counts included in each pixel of the
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>1</Low>
<High>1</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Smooth Error Image @ 4 keV (cm”2 sr s eV)"-1 </Name>
<ParameterKey>smooth _error image e2</ParameterKey>
<Description>TWINS smoothed image error image at 4 keV energy. The error in the flux for
each pixel is given by sqrt(counts) / counts using the counts included in each pixel of the
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
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</Structure>
<Particle>

<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>4</Low>
<High>4</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Smooth Error Image @ 8 keV (cm”2 sr s eV)"-1 </Name>
<ParameterKey>smooth error image e3</ParameterKey>
<Description>TWINS smoothed image error image at 8 keV energy. The error in the flux for
each pixel is given by sqrt(counts) / counts using the counts included in each pixel of the
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>8</Low>
<High>8</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Smooth Error Image @ 12 keV (cm”"2 srs eV)*-1 </Name>
<ParameterKey>smooth error image e4</ParameterKey>
<Description>TWINS smoothed image error image at 12 keV energy. The error in the flux for
each pixel is given by sqrt(counts) / counts using the counts included in each pixel of the
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
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<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>12</Low>
<High>12</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Smooth Error Image @ 16 keV (cm”"2 srs eV)*-1 </Name>
<ParameterKey>smooth error image e5</ParameterKey>
<Description>TWINS smoothed image error image at 16 keV energy. The
each pixel is given by sqrt(counts) / counts using the counts included in
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>16</Low>
<High>16</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Smooth Error Image @ 20 keV (cm”"2 srs eV)*-1 </Name>
<ParameterKey>smooth _error image e6</ParameterKey>

Space Science and Engineering Division
Southwest Research Institute
P. O. Drawer 28510
6220 Culebra Road
San Antonio, Texas 78228-0510
(210) 684-5111

error in the flux for
each pixel of the



Southwest Research Institute 1609-TSDS_UM-01

Rev 0 Chg 0
TWINS SCIENCE DATA SYSTEM (TSDS) USER’S MANUAL Page 41

<Description>TWINS smoothed image error image at 20 keV energy. The error in the flux for
each pixel is given by sqrt(counts) / counts using the counts included in each pixel of the
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>20</Low>
<High>20</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Smooth Error Image @ 25 keV (cm”"2 srs eV)*-1 </Name>
<ParameterKey>smooth error image e7</ParameterKey>
<Description>TWINS smoothed image error image at 25 keV energy. The error in the flux for
each pixel is given by sqrt(counts) / counts using the counts included in each pixel of the
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>25</Low>
<High>25</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
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<Name>TWINS Smooth Error Image @ 30 keV (cm”2 sr s eV)*-1 </Name>
<ParameterKey>smooth error image e8</ParameterKey>
<Description>TWINS smoothed image error image at 30 keV energy. The error in the flux for
each pixel is given by sqrt(counts) / counts using the counts included in each pixel of the
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>30</Low>
<High>30</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Smooth Error Image @ 50 keV (cm”2 srs eV)*-1 </Name>
<ParameterKey>smooth error image e9</ParameterKey>
<Description>TWINS smoothed image error image at 50 keV energy. The error in the flux for
each pixel is given by sqrt(counts) / counts using the counts included in each pixel of the
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>50</Low>
<High>50</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
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</Parameter>
<Parameter>

<Name>Attitude/Ephemeris flag </Name>
<ParameterKey>no orbit data</ParameterKey>
<Description>A flag that identifies when attitude and ephemeris information are available. A
value of 0 indicates data are available; a value of 1 indicates that either attitude or ephemeris information
is not available for a given time interval. </Description>
<ValidMin>0 </ValidMin>
<ValidMax>1 </ValidMax>
<FillValue>-1 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>attitude delta deg </Name>
<ParameterKey>attitude delta deg</ParameterKey>
<Description>The change (in degrees) of the spacecraft attitude vector over the time required to
make the given image. </Description>
<Units>deg </Units>
<ValidMin>0.0 </ValidMin>
<ValidMax>90.0 </ValidMax>
<FillValue>-1.0E31 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>spacecraft position </Name>
<ParameterKey>sc posv_re eci</ParameterKey>
<Description>The average spacecraft location vector over the time interval of the image in ECI
coordinates (cartesian XYZ components). </Description>
<Units>Earth Radii</Units>
<UnitsConversion>6.380e6&gt;m</UnitsConversion>
<Structure>
<Size>3</Size>
<Element>
<Name>X ECI</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>

Space Science and Engineering Division
Southwest Research Institute
P. O. Drawer 28510
6220 Culebra Road
San Antonio, Texas 78228-0510
(210) 684-5111



Southwest Research Institute 1609-TSDS_UM-01
Rev 0 Chg 0
TWINS SCIENCE DATA SYSTEM (TSDS) USER’S MANUAL Page 44

<Name>Y ECI</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>Z ECI</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
<ValidMin>-10.0</ValidMin>
<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>polar attitude </Name>
<ParameterKey>spin_axis eci</ParameterKey>
<Description>The average polar pointing unit vector over the time interval of the image in ECI
coordinates (Cartesian XYZ components). The polar attitude vector points to 90 degree instrument polar
(imaged) angle.</Description>
<Units>radians</Units>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
</Structure>
<ValidMin>-10.0</ValidMin>
<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>azimuth attitude </Name>
<ParameterKey>prime meridian_eci</ParameterKey>
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<Description>The average azimuthal pointing unit vector over the time interval of the image in
ECI coordinates (Cartesian XYZ components). The azimuthal pointing vector points to +90 degree
instrument scan angle. </Description>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
</Structure>
<ValidMin>-10.0</ValidMin>
<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>sun position </Name>
<ParameterKey>sun posv_eci</ParameterKey>
<Description>The average Sun unit vector over the time interval of the image in ECI coordinates
(Cartesian XYZ components). </Description>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
</Structure>
<ValidMin>-10.0</ValidMin>
<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>magnetic dipole </Name>
<ParameterKey>mag_eci</ParameterKey>
<Description>The average geomagnetic dipole unit vector over the time interval of the image in
ECI coordinates (Cartesian XYZ components).</Description>
<CoordinateSystem>
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<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
</Structure>
<ValidMin>-10.0</ValidMin>
<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>spacecraft position </Name>
<ParameterKey>sc posv_re sm</ParameterKey>
<Description>The average spacecraft location vector over the time interval of the image in SM
coordinates (Cartesian XYZ components). </Description>
<Units>Earth Radii </Units>
<UnitsConversion>6.380e6&gt;m</UnitsConversion>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>SM</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
<Element>
<Name>X SM</Name>
<Qualifier>Component.I</Qualifier>
<Index>1</Index>
</Element>
<Element>
<Name>Y SM</Name>
<Qualifier>Component.J</Qualifier>
<Index>2</Index>
</Element>
<Element>
<Name>Z SM</Name>
<Qualifier>Component.K</Qualifier>
<Index>3</Index>
</Element>
</Structure>
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<ValidMin>-10.0</ValidMin>
<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<Qualifier>Vector</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>polar attitude </Name>
<ParameterKey>spin_axis sm</ParameterKey>
<Description>The average polar pointing unit vector over the time interval of the image in SM
coordinates (Cartesian XYZ components). The polar attitude vector points to 90 degree instrument polar
(imaged) angle. </Description>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
</Structure>
<ValidMin>-10.0</ValidMin>
<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>azimuth attitude </Name>
<ParameterKey>prime meridian_sm</ParameterKey>
<Description>The average azimuthal pointing unit vector over the time interval of the image in
SM coordinates (Cartesian XYZ components). The azimuthal pointing vector points to +90 degree
instrument scan angle. </Description>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
</Structure>
<ValidMin>-10.0</ValidMin>
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<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>sun position </Name>
<ParameterKey>sun posv_sm</ParameterKey>
<Description>The average Sun position unit vector over the time interval of the image in SM
coordinates (Cartesian XYZ components). </Description>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
</Structure>
<ValidMin>-10.0</ValidMin>
<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>magnetic dipole </Name>
<ParameterKey>mag sm</ParameterKey>
<Description>The average geomagnetic dipole unit vector over the time interval of the image in
SM coordinates (Cartesian XYZ components). </Description>
<CoordinateSystem>
<CoordinateRepresentation>Cartesian</CoordinateRepresentation>
<CoordinateSystemName>GEI</CoordinateSystemName>
</CoordinateSystem>
<Structure>
<Size>3</Size>
</Structure>
<ValidMin>-10.0</ValidMin>
<ValidMax>10.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
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</Support>
</Parameter>
<Parameter>

<Name>sat location </Name>
<ParameterKey>radial distance re</ParameterKey>
<Description>Spacecraft radial distance (in Earth radii) from the center of the Earth.
</Description>
<Units>Earth Radii </Units>
<UnitsConversion>6.380e6&gt;m</UnitsConversion>
<CoordinateSystem>
<CoordinateRepresentation>Spherical</CoordinateRepresentation>
<CoordinateSystemName>SM</CoordinateSystemName>
</CoordinateSystem>
<ValidMin>-1000.0 </ValidMin>
<ValidMax>1000.0 </ValidMax>
<FillValue>-1.0E31 </FillValue>
<Support>
<Qualifier>Magnitude</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>lat </Name>
<ParameterKey>latitude deg</ParameterKey>
<Description>Spacecraft latitude in SM coordinates </Description>
<Units>deg </Units>
<CoordinateSystem>
<CoordinateRepresentation>Spherical</CoordinateRepresentation>
<CoordinateSystemName>SM</CoordinateSystemName>
</CoordinateSystem>
<ValidMin>-90.0 </ValidMin>
<ValidMax>90.0 </ValidMax>
<FillValue>-1.0E31 </FillValue>
<Support>
<Qualifier>DirectionAngle.ElevationAngle</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>Ishell </Name>
<ParameterKey>Ishell dip</ParameterKey>
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<Description>The Mcllwain L-Shell at the spacecraft location assuming a dipole magnetic field
model and using SM coordinates. </Description>
<Units>deg </Units>
<ValidMin>-1000.0 </ValidMin>
<ValidMax>1000.0 </ValidMax>
<FillValue>-1.0E31 </FillValue>
<Support>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>mlt </Name>
<ParameterKey>mlt</ParameterKey>
<Description>Spacecraft magnetic local time in SM coordinates. </Description>
<Units>hours</Units>
<CoordinateSystem>
<CoordinateRepresentation>Spherical</CoordinateRepresentation>
<CoordinateSystemName>SM</CoordinateSystemName>
</CoordinateSystem>
<ValidMin>0.0 </ValidMin>
<ValidMax>24.0 </ValidMax>
<FillValue>-1.0E31 </FillValue>
<Support>
<Qualifier>DirectionAngle.AzimuthAngle</Qualifier>
<SupportQuantity>Positional</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>energy </Name>
<ParameterKey>energy kev</ParameterKey>
<Description>Array of energy values (in keV) for the images. Nominally 1, 4, 8, 12, 16, 20, 25,
30, and 50 keV.</Description>
<Units>keV </Units>
<Structure>
<Size>9</Size>
</Structure>
<ValidMin>0.0</ValidMin>
<ValidMax>1000.0</ValidMax>
<FillValue>-1.0E31</FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
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</Parameter>
<Parameter>

<Name>image type </Name>
<ParameterKey>all energies</ParameterKey>
<Description>0 for a Differential Energy Flux image. 1 for an All Energies image </Description>
<ValidMin>0 </ValidMin>
<ValidMax>1 </ValidMax>
<FillValue>-1 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>saveset _version </Name>
<ParameterKey>saveset version</ParameterKey>
<Description>saveset version </Description>
<ValidMin>0 </ValidMin>
<ValidMax>99 </ValidMax>
<FillValue>-1 </FillValue>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>times/sweeps </Name>
<ParameterKey>title</ParameterKey>
<Description>[LIST ONLY] Start and stop times of the image, along with the selected number of
sweeps. </Description>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>units </Name>
<ParameterKey>units of twins image</ParameterKey>
<Description>[LIST ONLY] units of raw twins image </Description>
<Structure>
<Size>9</Size>
</Structure>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
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</Parameter>
<Parameter>

<Name>software version </Name>
<ParameterKey>sw_version</ParameterKey>
<Description>[LIST ONLY] Software version </Description>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>image creation time </Name>
<ParameterKey>creation time</ParameterKey>
<Description>[LIST ONLY] Time image was created </Description>
<Support>
<SupportQuantity>Other</SupportQuantity>
</Support>
</Parameter>
<Parameter>
<Name>twins_raw_image </Name>
<ParameterKey>twins_image</ParameterKey>
<Description>TWINS raw image of flux for all energies </Description>
<Units>(cm”2 sr s)*-1 </Units>
<Structure>
<Size>9 90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>1</Low>
<High>50</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Raw Image @ 1 keV (cm”2 sr s eV)"-1 </Name>
<ParameterKey>twins_image el</ParameterKey>
<Description>TWINS raw image at 1 keV energy, in units of (cm”"2 sr s eV)*-1. </Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
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<Size>90 22</Size>
</Structure>
<Particle>

<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>1</Low>
<High>1</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Raw Image @ 4 keV (cm”2 sr s eV)"-1 </Name>
<ParameterKey>twins_image e2</ParameterKey>
<Description>TWINS raw image at 4 keV energy, in the same format as the 1 keV
image.</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>4</Low>
<High>4</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Raw Image @ 8 keV (cm”2 sr s eV)"-1 </Name>
<ParameterKey>twins_image e3</ParameterKey>
<Description>TWINS raw image at 8§ keV energy, in the same format as the 1 keV image.
</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
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<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>8</Low>
<High>8</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Raw Image @ 12 keV (cm”"2 sr s eV)*-1 </Name>
<ParameterKey>twins_image e4</ParameterKey>
<Description>TWINS raw image at 12 keV energy, in the same format as the 1 keV image.
</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>12</Low>
<High>12</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Raw Image @ 16 keV (cm”"2 sr s eV)*-1 </Name>
<ParameterKey>twins_image e5</ParameterKey>
<Description>TWINS raw image at 16 keV energy, in the same format as the 1 keV image.
</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
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<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>16</Low>
<High>16</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Raw Image @ 20 keV (cm”"2 sr s eV)*-1 </Name>
<ParameterKey>twins_image e6</ParameterKey>
<Description>TWINS raw image at 20 keV energy, in the same format as the 1 keV image.
</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>20</Low>
<High>20</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Raw Image @ 25 keV (cm”"2 sr s eV)*-1 </Name>
<ParameterKey>twins_image e7</ParameterKey>
<Description>TWINS raw image at 25 keV energy, in the same format as the 1 keV image.
</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
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<EnergyRange>
<Low>25</Low>
<High>25</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Raw Image @ 30 keV (cm”"2 sr s eV)*-1 </Name>
<ParameterKey>twins_image e8</ParameterKey>
<Description>TWINS raw image at 30 keV energy, in the same format as the 1 keV image.
</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>30</Low>
<High>30</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>TWINS Raw Image @ 50 keV (cm”"2 srs eV)*-1 </Name>
<ParameterKey>twins_image e9</ParameterKey>
<Description>TWINS raw image at 50 keV energy, in the same format as the 1 keV image.
</Description>
<Units>(cm”2 sr s eV)"-1 </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>50</Low>
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<High>50</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>raw_error_image </Name>
<ParameterKey>error image</ParameterKey>
<Description>TWINS error image for raw image at all energies. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
<Structure>
<Size>9 90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>1</Low>
<High>50</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>Raw Error Image @ 1 keV </Name>
<ParameterKey>error image el</ParameterKey>
<Description>TWINS error image for raw image at 1 keV energy. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
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<EnergyRange>
<Low>1</Low>
<High>1</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>Raw Error Image @ 4 keV </Name>
<ParameterKey>error image e2</ParameterKey>
<Description>TWINS error image for raw image at 4 keV energy. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>4</Low>
<High>4</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>Raw Error Image @ 8 keV </Name>
<ParameterKey>error image e3</ParameterKey>
<Description>TWINS error image for raw image at 8 keV energy. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
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<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>8</Low>
<High>8</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>Raw Error Image @ 12 keV </Name>
<ParameterKey>error image e4</ParameterKey>
<Description>TWINS error image for raw image at 12 keV energy. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>12</Low>
<High>12</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>Raw Error Image @ 16 keV </Name>
<ParameterKey>error image e5</ParameterKey>
<Description>TWINS error image for raw image at 16 keV energy. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
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<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>16</Low>
<High>16</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>Raw Error Image @ 20 keV </Name>
<ParameterKey>error image e6</ParameterKey>
<Description>TWINS error image for raw image at 20 keV energy. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>20</Low>
<High>20</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>Raw Error Image @ 25 keV </Name>
<ParameterKey>error image e7</ParameterKey>
<Description>TWINS error image for raw image at 25 keV energy. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
<Structure>
<Size>90 22</Size>
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</Structure>
<Particle>

<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>25</Low>
<High>25</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>Raw Error Image @ 30 keV </Name>
<ParameterKey>error image e8</ParameterKey>
<Description>TWINS error image for raw image at 30 keV energy. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
<Structure>
<Size>90 22</Size>
</Structure>
<Particle>
<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>30</Low>
<High>30</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
<Parameter>
<Name>Raw Error Image @ 50 keV </Name>
<ParameterKey>error image e9</ParameterKey>
<Description>TWINS error image for raw image at 50 keV energy. The error in the flux for each
pixel is based on the error in the fit of flux vs energy used to determine the flux value given in the primary
image. </Description>
<Units>Fractional Error </Units>
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<Structure>
<Size>90 22</Size>
</Structure>
<Particle>

<ParticleType>Atom</ParticleType>
<Qualifier>Uncertainty</Qualifier>
<Qualifier>Differential</Qualifier>
<ParticleQuantity>NumberFlux</ParticleQuantity>
<EnergyRange>
<Low>50</Low>
<High>50</High>
<Units>keV</Units>
</EnergyRange>
</Particle>
</Parameter>
</NumericalData>
<Observatory xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Observatory/ TWINS1</Resourcel D>
<ResourceHeader>
<ResourceName>TWINS 1</ResourceName>
<ReleaseDate>2010-09-25T03:09:48Z</ReleaseDate>
<Description>TWINS (Two Wide-angle Imaging Neutral-atom Spectrometers) is a Mission of
Opportunity under NASA's Small Explorer (SMEX) program. TWINS-1 and TWINS-2 are the
designations for NASA-sponsored instruments flying on unspecified non-NASA U.S. government
spacecraft.The TWINS-1 instrument high voltages were turned on in April 2007 and the TWINS-2 high
voltages in May 2008; the exact launchdates are not available. The data (including both science data and
spacecraft ephemeris/attitude information) from the two NASA-funded science instruments are publicly
available to the scientific research community.

TWINS is a stereo mission whose overall scientific objective is to establish the global
connectivities and causal relationships between processes in different regions of the Earth's
magnetosphere. To meet this goal, TWINS-1 and TWINS-2 provide stereoscopic neutral atom imaging of
the magnetosphere from two widely spaced, high-altitude, high-inclination spacecraft.

Each spacecraft carrying TWINS instruments is in a Molniya orbit (63.4 deg, 7.2 Re apogee, 1000
km perigee; period 12 h), and is three-axis stabilized and approximately nadir-pointing. Each acquires
image data with time resolution of 60 s. The time required to change actuator direction between scans (no
data collection) was 25 seconds from June 2008 to July 2009, and 12 seconds at all other times. This
gives an effective cadence of 72 or 85 seconds. The nominal design lifetime for each instrument is four
years. TWINS operates only during the apogee portion of each orbit, when the spacecraft is above the
radiation belts.

</Description>
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<Contact>
<PersonlD>spase://SMWG/Person/David.J.McComas</PersonID>
<Role>Principallnvestigator</Role>
</Contact>
<InformationURL>
<Name>TWINS Home Page</Name>
<URL>http://twins.swri.edu</URL>
<Description>?</Description>
</InformationURL>
</ResourceHeader>
<ObservatoryGrouplD>spase://SMW G/Observatory/TWINS</ObservatoryGrouplD>
<Location>
<ObservatoryRegion>Earth.Magnetosphere</ObservatoryRegion>
</Location>
</Observatory><Instrument xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Instrument/TWINS1/ENA</ResourcelD>
<ResourceHeader>
<ResourceName>TWINS-1 Energetic Neutral Atom (ENA) Imager</ResourceName>
<AlternateName>TWINS-1 Neutral-atom Spectrometer</AlternateName>
<AlternateName>TWINS-1 Wide-angle Imaging Neutral-atom Spectrometer</AlternateName>
<ReleaseDate>2012-03-10T02:13:26Z</ReleaseDate>
<Description>TWINS (Two Wide-angle Imaging Neutral-atom Spectrometers) is a Mission of
Opportunity under NASA's Small Explorer (SMEX) program. TWINS-1 and TWINS-2 are the
designations for NASA-sponsored instruments flying on unspecified non-NASA U.S. government
spacecraft.The TWINS-1 instrument high voltages were turned on in April 2007 and the TWINS-2 high
voltages in May 2008; the exact launchdates are not available. The data (including both science data and
spacecraft ephemeris/attitude information) from the two NASA-funded science instruments are publicly
available to the scientific research community.

TWINS instrumentation includes an energetic neutral atom (ENA) imager to capture charge-
exchange-produced neutral atoms over a broad energy range (approximately 1-100 keV) and a Lyman-
alpha detector to measure the density of the neutral hydrogen geocorona needed for extraction of
magnetospheric ion fluxes from neutral atom data. The TWINS-1 and TWINS-2 instruments are identical.

</Description>

<Contact>
<PersonlD>spase://SMWG/Person/David.J.McComas</PersonID>
<Role>Principallnvestigator</Role>

</Contact>

<InformationURL>
<Name>TWINS Home Page</Name>
<URL>http://twins.swri.edu</URL>
<Description>?</Description>
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</InformationURL>
<PriorID>spase://SMWG/Instrument/TWINS 1/Imager</PriorID>
</ResourceHeader>

<InstrumentType>Imager</InstrumentType>
<InvestigationName>Energetic Neutral Atom Imager (ENA) on TWINS-1</InvestigationName>
<ObservatorylD>spase://SMWG/Observatory/TWINS1</ObservatorylD>
</Instrument><Repository xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Repository/NASA/GSFC/SPDF</Resourcel D>
<ResourceHeader>
<ResourceName>SPDF</ResourceName>
<ReleaseDate>2008-08-26T21:02:30Z</ReleaseDate>
<Description>Space Physics Data Facility</Description>
<Contact>
<PersonlD>spase://SMWG/Person/Tamara.J . Kovalick</PersonID>
<Role>GeneralContact</Role>
</Contact>
<Contact>
<PersonlD>spase://SMWG/Person/Robert. M.Candey</PersonlD>
<Role>TechnicalContact</Role>
</Contact>
<Contact>
<PersonlD>spase://SMWG/Person/Robert.E.McGuire</PersonID>
<Role>ProjectScientist</Role>
</Contact>
<InformationURL>
<Name>SPDF</Name>
<URL>http://spdf.gsfc.nasa.gov/</URL>
<Description>Space Physics Data Facility</Description>
</InformationURL>
<PriorID>spase://vspo/repository/61</PriorID>
<PriorID>spase://SMWG/Repository/SPDF</PriorID>
</ResourceHeader>
</Repository><Repository xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Repository/ NASA/GSFC/SPDF/CDAWeb</Resourcel D>
<ResourceHeader>
<ResourceName>CDAWeb Data Repository FTP Interface</ResourceName>
<ReleaseDate>2011-02-23T18:39:43Z</ReleaseDate>
<Description>Coordinated Data Analysis Web (CDAWeb) supports not only interactive plotting of
variables from multiple instruments on multiple investigations simultaneously on arbitrary, user-defined
time-scales. It also supports data retrieval in various formats using its interactive web interface or ftp
service.</Description>
<Contact>
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<!-- Robert McGuire -->
<PersonlD>spase://SMWG/Person/Robert.E.McGuire</PersonID>
<Role>ProjectScientist</Role>
</Contact>
<InformationURL>
<Name>CDAWeb Home Page</Name>
<URL>http://cdaweb.gsfc.nasa.gov</URL>
<Description>Coordinated Data Analysis Web (CDAWeb) home page at Space Physics Data
Facility of the NASA Goddard Space Flight Center.</Description>
</InformationURL>
<PriorID>spase://VMO/Repository/CDAWeb</PriorID>
</ResourceHeader>
<AccessURL>
<Name>FTP Access to CDAWeb Data</Name>
<URL>ftp://cdaweb.gsfc.nasa.gov/pub/</URL>
</AccessURL>
</Repository><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/Robert.E.McGuire</Resourcel D>
<ReleaseDate>2010-08-05T17:35:47Z</ReleaseDate>
<PersonName>Dr. Robert E. McGuire</PersonName>
<OrganizationName>NASA Goddard Space Flight Center</OrganizationName>
<Address>Code 672, Greenbelt, MD 20771, USA</Address>
<Email>mcguire@mail630.gsfc.nasa.gov</Email>
<PhoneNumber>+1 301 286 7794</PhoneNumber>
</Person><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/Robert.M.Candey</Resourcel D>
<ReleaseDate>2010-08-05T17:35:47Z</ReleaseDate>
<PersonName>MTr. Robert M. Candey</PersonName>
<OrganizationName>NASA Goddard Space Flight Center</OrganizationName>
<Address>Code 672, Greenbelt, MD 20771, USA</Address>
<Email>robert.m.candey@nasa.gov</Email>
<PhoneNumber>1-301-286-6707</PhoneNumber>
</Person><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/Tamara.J . Kovalick</ResourcelD>
<ReleaseDate>2010-08-05T17:35:47Z</ReleaseDate>
<PersonName>Ms. Tamara J. Kovalick</PersonName>
<OrganizationName>GSFC-Code 672</OrganizationName>
<Email>Tamara.J.Kovalick@nasa.gov</Email>
<PhoneNumber>+1-301-286-9422</PhoneNumber>
</Person><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/David.J.McComas</Resourcel D>
<ReleaseDate>2010-08-05T17:35:46Z</ReleaseDate>
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<PersonName>Dr. David J. McComas</PersonName>
<OrganizationName>Southwest Research Institute</OrganizationName>
</Person><Person xmlns="http://www.spase-group.org/data/schema">
<ResourcelD>spase://SMWG/Person/Jan.Merka</Resourcel D>
<ReleaseDate>2010-08-05T17:35:46Z</ReleaseDate>
<PersonName>Jan Merka</PersonName>
<OrganizationName>NASA Goddard Space Flight Center</OrganizationName>
<Address>Code 672, Greenbelt, MD 20771, USA</Address>
<Email>jan.merka@nasa.gov</Email>
<PhoneNumber>+1 301 286 8§751</PhoneNumber>
</Person></Spase>
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